n the late 1960s, a team of researchers began doling out a nutritional supplement to families with young children in rural Guatemala. They were testing the assumption that providing enough protein in the first few years of life would reduce the incidence of stunted growth.
1 to 2 centimetres taller than those in a control group. But the benefits didn't stop there. The children who received added nutrition went on to score higher on reading and knowledge tests as adolescents, and when researchers returned in the early 2000s, women who had received the supplements in the first three years of life completed more years of schooling and men had higher incomes 1 . "Had there not been these follow-ups, this study probably would have been largely forgotten, " says Reynaldo Martorell, a specialist in maternal and child nutrition at Emory University in Atlanta, Georgia, who led the followup studies. Instead, he says, the findings made financial institutions such as the World Bank think of early nutritional interventions as longterm investments in human health.
Since the Guatemalan research, studies around the world -in Brazil, Peru, Jamaica, the Philippines, Kenya and Zimbabwe -have all associated poor or stunted growth in young children with lower cognitive test scores and worse school achievement 2 . A picture slowly emerged that being too short early in life is a sign of adverse conditions -such as poor diet and regular bouts of diarrhoeal disease -and a predictor for intellectual deficits and mortality. But not all stunted growth, which affects an estimated 160 million children worldwide, is connected with these bad outcomes. Now, researchers are trying to untangle the links between growth and neurological development. Is bad nutrition alone the culprit? What about emotional neglect, infectious disease or other challenges? Shahria Hafiz Kakon is at the front line trying to answer these questions in the slums of Dhaka, Bangladesh, where about 40% of children have stunted growth by the age of two. As a medical officer at the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) in Dhaka, she is leading the first-ever brain-imaging study of children with stunted growth. "It is a very new idea in Bangladesh to do brain-imaging studies, " says Kakon.
The research is innovative in other respects, too. Funded by the Bill & Melinda Gates Foundation in Seattle, Washington, it is one of the first studies to look at how the brains of babies and toddlers in the developing world respond to adversity. And it promises to provide important baseline information about early childhood development and cognitive performance. Kakon and her colleagues have run magnetic resonance imaging (MRI) tests on two-and three-month-old children, and identified brain regions that are smaller in children with stunted growth than in others. They are also using other tests, such as electroencephalography (EEG).
"Brain imaging could potentially be really helpful" as a way to see what is going on in the brains of these young children, says Benjamin Crookston, a health scientist at Brigham Young University in Provo, Utah, who led studies in Peru and other low-income countries that reported a link between poor growth and cognitive setbacks.
THE LONG SHADOW OF STUNTING
In 2006, the World Health Organization (WHO) reported an extensive study to measure the heights and weights of children between birth and the age of five in Brazil, Ghana, India, Norway, Oman and the United States 3 . The results showed that healthy, well-fed children the world over follow a very similar growth trajectory, and it established benchmarks for atypical growth. Stunted growth, the WHO decided, is defined as two standard deviations below the median height for a particular age. Such a difference can seem subtle. At 6 months old, a girl would be considered to have stunted growth if she was 61 centimetres long, even though that is less than 5 centimetres short of the median.
The benchmarks helped to raise awareness about stunting. In many countries, more than 30% of children under five meet the definition; in Bangladesh, India, Guatemala and Nigeria, over 40% do. In 2012, growing consensus about the effects of stunting motivated the WHO to pledge to reduce the number of children under five with stunted growth by 40% by 2025.
Even as officials started to take action, researchers realized there were serious gaps in protocols to identify the problems related to stunting. Many studies of brain development relied on tests of memory, speech and other cognitive functions that are ill-suited to very young children. "Babies do not have much of a behavioural repertoire, " says Michael Georgieff, a paediatrician and child psychologist at the University of Minnesota in Minneapolis. And if parents and doctors have to wait until children are in school to notice any differences, it will probably be too late to intervene.
That's where Kakon's work fits in. At 1.63 metres, she is not tall by Western standards, but at the small apartment-buildingturned-clinic in Dhaka where she works, she towers over most of her female colleagues. On a recent morning she was with a mother who had phoned her in the middle of the night: the woman's son had a fever. Before examining the boy, Kakon asked his mother how the family was and how he was doing at school, as she usually does. Many parents call Kakon apa -a Bengali word for big sister.
About five years ago, the Gates Foundation became interested in tracking brain development in young children living with adversity, especially stunted growth and poor nutrition. The foundation had been studying children's responses to vaccines at Kakon's clinic. The high rate of stunting, along with the team's strong bonds with participants, clinched the deal.
To get the study off the ground, the foundation connected the Dhaka team with Charles Nelson, a paediatric neuroscientist at Boston Children's Hospital and Harvard Medical School in Massachusetts. He had expertise in brain imaging -and in childhood adversity. In 2000, he began a study tracking the brain development of children who had grown up in harsh Romanian orphanages. Although fed and sheltered, the children had almost no stimulation, social contact or emotional support. Many have experienced long-term cognitive problems.
Nelson's work revealed that the orphans' brains bear marks of neglect. MRIs showed that by the age of eight, they had smaller regions of grey and white matter associated with attention and language than did children raised by their biological families 4 . Some children who had moved from the orphanages into foster homes as toddlers were spared some of the deficits 5 . The children in the Dhaka study have a completely different upbringing. They are surrounded by sights, sounds and extended families who often all live together in tight quarters. It is the "opposite of kids lying in a crib, staring at a white ceiling all day", says Nelson.
But the Bangladeshi children do deal with inadequate nutrition and sanitation. And researchers hadn't explored the impacts of such conditions on cerebral development. There are brain-imaging studies of children growing up in poverty -which, like stunting, could be a proxy for inadequate nutrition 6 . But these have mostly focused on high-income areas, such as the United States, Europe and Australia. No matter how poor the children there are, most have some nutritious foods, clean water and plumbing, says Nelson. Those in the Dhaka slums live and play around open canals of sewage. "There are many more kids like the kids in Dhaka around the world, " he says. "And we knew nothing about them from a brain level. "
THE MARKS OF ADVERSITY
By early 2015, Nelson's team and the Bangladeshi researchers had transformed the humble Dhaka clinic into a state-of-the-art lab. For their EEG equipment, they had to find a room with no wires in the walls and without air-conditioning units, both of which could interfere with the device's ability to detect activity in the brain.
The researchers also set up a room for functional near-infrared spectroscopy (fNIRS), in which children wear a headband of sensors that measure blood flow in the brain. The technique gives information about brain activity similar to that from functional MRI, but does not require a large machine and the children do not have to remain motionless. fNIRS has been used in infants since the late 1990s, and is now gaining traction in low-income settings.
The researchers are also performing MRIs, at a hospital near the clinic. So far, they have scanned 12 babies aged 2 to 3 months with stunted growth. Similar to the Romanian orphans and the children growing up in poverty in developed countries, these children have had smaller volumes of grey matter than a group of 20 non-stunted babies. It is "remarkably bad", Nelson says, to see these differences at such a young age. It's hard to tell which regions are In Dhaka, a child undergoes electroencephalography to measure electrical brain activity.
affected in such young children, but having less grey matter was associated with worse scores on language and visual-memory tests at six months old.
Some 130 children in the Dhaka study had fNIRS tests at 36 months old, and the researchers saw distinct patterns of brain activity in those with stunting and other adversity. The shorter the children were, the more brain activity they had in response to images and sounds of non-social stimuli, such as trucks. Taller children responded more to social stimuli, such as women's faces. This could suggest delays in the process by which brain regions become specialized for certain tasks, Nelson says.
EEG detected stronger electrical activity among children with stunted growth, along with a range of brainwaves that reflect problem solving and communication between brain regions. That was a surprise to the researchers, because studies in orphans and poor children have generally found dampened activity 7 . The discrepancy could be related to the different types of adversity that children in Dhaka face, including food insecurity, infections and mothers with high rates of depression.
Nelson's team is trying to parse out which forms of adversity seem to be most responsible for the differences in brain activity among the Dhaka children. The enhanced electrical signals in EEG tests are strongly linked to increases in inflammatory markers in the blood, which probably reflect greater exposure to gut pathogens.
If this holds up as more children are tested, it could point to the importance of improving sanitation and reducing gastrointestinal infections. Or maternal depression could turn out to be strongly linked to brain development, in which case helping mothers could be just as crucial as making sure their babies have good nutrition. "We don't know the answers yet, " says Nelson.
The participants tested at 36 months are now around 5 years old, and the team is getting ready to take some follow-up measurements. These will give an idea of whether or not the children have continued on the same brain-development trajectory, Nelson says. The researchers will also give the five year olds IQ and school-readiness tests to gauge whether the earlier measurements were predictive of school performance.
A BETTER BASELINE
One of the challenges of such studies is that researchers are still trying to work out what normal brain development looks like. A few years before the Dhaka study began, a team of British and Gambian researchers geared up to do EEG and fNIRS testing on children in rural Gambia during the first two years of life. They were also funded by the Gates Foundation.
Similar to the Dhaka study, the researchers are looking at how brain development is related to a range of measures, including nutrition and parent-child interaction. But along the way, they are trying to define a standard trajectory of brain function for children 8 .
There is a big push at the Gates Foundation and the US National Institutes of Health to nail down that picture of normal brain development, says Daniel Marks, a paediatric neuroscientist at Oregon Health & Science University in Portland, and a consultant for the foundation.
"It is just a reflection of the urgency of the problem, " he says.
One of the hopes for the Dhaka study, and the motivation for funding it, is that it will reveal distinct patterns in babies' brains that are predictive of poor outcomes later in life and could be used to see whether interventions are working, says Jeff Murray, a deputy director of discovery and translational sciences at the Gates Foundation.
Any such intervention will probably have to include nutrition, says Martorell. He and his colleagues are doing yet another followup study of the Guatemalan villagers to see whether those who got protein supplements before the age of 7 have lower rates of heart disease and diabetes 40 years later. But nutrition alone is unlikely to be enough -either to prevent stunting or to promote normal cognitive development, Martorell says. So far, the most successful nutritional interventions have helped to overcome about one-third of the typical height deficit. And such programmes can be very expensive; in the Guatemalan study, for example, the researchers ran special centres to provide supplements. Nevertheless, researchers are striving to improve interventions. A group involved in the vaccine study in Bangladesh is planning to test supplements in pregnant women in the hope of boosting babies' birth weight and keeping their growth on track in the crucial first two years of life. Tahmeed Ahmed, senior director of nutrition and clinical services at the diarrhoeal-disease research centre, is planning a trial of foods such as bananas and chickpeas, to try to promote the growth of good gut bacteria in Bangladeshi children aged 12 to 18 months. A healthy bacterial community could make the gut less vulnerable to infections that interfere with nutrient absorption and that ramp up inflammation in the body.
Ultimately, it's not about whether children have stunted growth or even what their brains look like. It's about what their lives are like as they grow older. Studies such as the one in Dhaka strive to help determine whether interventions are working sooner rather than later. "If you have to wait until kids are 25 years old to see whether they are employed, " Murray says, "it could take you 25 years to do every study. " ■ Carina Storrs is a freelance writer in New York City. The Pulitzer Center on Crisis Reporting provided travel support for this story.
